by surface marker expression and ploidy analysis [immunostaining-fluorescence in situ hybridization (iFISH)] has been shown to be a highly sensitive method in the identification of certain solid cancers. In the present study, iFISH analysis was performed to identify CTCs in 184 patients with newly diagnosed non-metastatic breast cancer, and the distribution of CTC subtypes was characterized based on cytokeratin (CK) expression and ploidy status. It was revealed that CTCs of non-metastatic, aneuploid breast cancers, independent of CK expression profile, can be detected with high sensitivity (90.76%) by the iFISH system. Higher CTC counts and sensitivity were observed in patients with increased tumor size burden and unfavorable hormone receptor status. Investigation of CTC subtypes based on ploidy analysis indicated that triploid CTCs constituted the majority of CTCs evaluated. While CK-positive CTCs were detected in a small cohort of patients, an overall low rate of CK expression was observed in the 18 patient samples evaluated. Of note, CK expression was rare in CTCs detected in patients with Herceptin 2 (Her2)-positive or triple-negative [estrogen receptor (ER)-, progesterone receptor (PR)-and Her2-negative], indicating that lack of ER and PR may result in promotion of epithelial-mesenchymal transition and enhancement of tumor aggression.
Introduction
Breast cancer is the most prevalent malignant cancer in women in China and worldwide (1) . Outcomes are markedly improved by early breast cancer detection (2, 3) . Breast cancer screening has been employed to detect lesions at early stages, prior to metastasis. Circulating tumor cells (CTCs) remain a promising avenue for early breast cancer detection as it bypasses the need for ionizing radiation (mammography) or invasive biopsy (4) .
Circulating tumor cells (CTCs) are cancer cells that detach from primary or metastatic solid tumors into the vasculature, where they can be sampled from the circulating bloodstream (5) . Guidelines for the quantification of CTCs as a breast cancer biomarker have been outlined by the American Society of Clinical Oncology (6) . In metastatic breast cancer, the Food and Drug Administration approved the CELLSEARCH ® system for routine clinical use in guiding clinical management (7) . However, few studies (4, 8) have been published in CTC detection for breast cancer prior to metastasis. Mammaglobin-positive CTC detection has previously been performed in women suspected of breast cancer; however, it failed to detect intraductal cancer and 50% of in situ cancers (4) . CTCs also be detected in newly diagnosed inflammatory breast cancer using CELLSEARCH system, which result in a proportion of 54.5% non-metastatic patients with >1 CTCs (8) .
The CELLSEARCH ® System detects CTCs by detecting the expression of epithelial cell adhesion molecules (EpCAMs) on the tumor cell surface in combination with cytokeratins (CKs) (9) . However, CTCs may variably lose these epithelial cell markers during epithelial-mesenchymal transition (EMT) (3, 5, 10) , which can result in low sensitivity and false negatives (11) . To overcome these limitations, additional detection methods for CTCs have been proposed including manual assays such as the CytoTrack system (12), magnetophoretic techniques (13) and microfluidic chips such as CTC-iChip™ (2) .
In the present study, a strategy of EpCAM-independent enrichment (14) integrated with immunostaining-fluorescence in situ hybridization (iFISH), which was previously validated in gastric cancer, pancreatic cancer and gliomas (3, 12, 13) (5, 15) . Briefly, patient blood samples were collected into 7.5-ml tubes containing acid-citrate-dextrose anti-coagulant (BD Biosciences, Franklin Lakes, NJ, USA), followed by thorough mixing by hand and addition of 3 ml of hCTC separation matrix (Cytelligen CTC enrichment kit). The solution was centrifuged at 450 x g for 5 min at room temperature. Supernatants were collected and incubated with immunomagnetic particles conjugated to anti-leukocytes monoclonal antibodies (Cytelligen CTC enrichment kit), including anti-cluster of differentiation (CD)45, at room temperature for 10 min with gentle agitation. The solution was subsequently subjected to magnetic separation using a magnetic stand (Promega Corporation, Madison, WI, USA) to remove leukocytes. The magnetic particle-free solution was centrifuged at 500 x g for 2 min at room temperature. Cell pellets were thoroughly resuspended in cell fixative (Cytelligen CTC enrichment kit) and immediately applied to the coated CTC slides at room temperature for subsequent iFISH analysis. For CK-iFISH, samples were immunostained with a cocktail of Alexa Fluor 594-conjugated monoclonal anti-CD45 with or without CK expression were compared using Fisher's exact test. Graphical plots were generated using OriginPro 8 SR0 version 8.0 (OriginLab, Northampton, MA, USA). All the P-values were two-sided. P<0.05 was considered to indicate a statistically significant difference. (Table I) , with the number of CTCs detected ranging between 0 and 19 cells/7.5 ml blood (median, 2 cells/7.5 ml; Table II ). The total number of CTCs detected was 675 cells, in which 387 cells (375 cells were CK negative and 12 cells were CK negative) were identified with triploidy ( Fig. 1A) . Among the CTCs, CK positivity was detected in only 33 (4.88%) cells from 18 patients (Fig. 1A) , and CK-positive CTCs were predominantly detected in luminal A and luminal B tumors (Fig. 1B) . Aneuploid CTCs were detected in 8/26 benign tumors (30.77%), which was significantly less compared with that of patients with breast cancer (P=0.007). Furthermore, all CTC counts in benign tumors were ≤3 cells/7.5 ml. No CTCs were identified in healthy donor blood samples (Table I) .
Results

CTCs in breast cancer
Analysis was performed by examining the association between breast cancer CTC counts and common tumor markers, including CEA, CA15-3, CA125, Ki-67, topoisomerase II and p53. Overall, no significant associations were observed between CTC counts and the tumor markers surveyed (data not shown). The relevance of lymph node status, clinical stage and CTC of patients with breast cancer was also analyzed. Generally, no significant associations were observed between CTC count and clinical stage ( Fig. 2A) or lymph node status (Fig. 2B ).
CTC and tumor size. Of the 184 breast cancer patient samples examined in total, 158 had tumor size data available. Among this cohort, 80 were ≤2 cm (T1), 68 were between >2 and ≤5 cm (T2) and 10 were >5 cm (T3). Despite the small sample size of T3 patients, the highest CTC counts were detected in this group (range, 0-18 cells/7.5 ml blood; median, 5.5 cells/7.5 ml; Fig. 2C ). Triploid CTC counts were notably different between T3 and T1/T2 patients, with a median number of 4 cells/7.5 ml blood in T3 patients and a median number of 1.5 cells/7.5 ml blood and 1 cells/7.5 ml blood in T1 and T2 patients, respectively (P=0.048 and P=0.006; Table II) . CTC subtypes based on CK expression were not significantly different among T1, T2 and T3 patients (Table II) --------------------------------------------------------------------------------------- Fig. 2D ; Tables I and II) .
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CTC subtypes based on karyotype, including triploid, tetraploid and multiploid (≥5), exhibited a similar distribution in patients with breast cancer with differing hormone receptor status (Table I) . However, CK positivity was detected in 22 (22/363, 6 .06%) cells from patients with luminal A or luminal B tumors, which was significantly less compared with that from patients with Her2-positive or triple-negative breast cancers (3/199, 1.51%; P=0.017; Table III ). 
Discussion
In the present study, CTCs were identified in patients with newly diagnosed breast cancer and were revealed to be associated with aneuploidy status by the iFISH system, in addition to tumor surface markers. Although the breast cancers examined were not metastatic with the likely possibility of a low and difficult to detect frequency of CTCs, the present study revealed a relatively higher sensitivity (90.76%) in CTC detection of breast cancer compare with the sensitivity of 54.5% in a previously study (8) , in which CTC were detected using CELLSEARCH ® system. The high sensitivity of CTC detection in breast cancer were identical to that of other solid tumors evaluated with the iFISH system, including gastric (90.5%) (15) , lung (92%) and esophageal (87%) cancer (5) . In a study of CTCs detected in pancreatic cancer by the same system, 0-2 cells/3.75 ml were detected in benign pancreatic tumors and healthy controls (16) . Similarly, 0-3 cells/7.5 ml were detected in benign breast tumors in the present study.
In the present study, the highest rate (9/10, 90%) and CTC counts (0-18 cells/7.5 ml, median, 5.5 cells/7.5 ml) were observed in patients with the greatest tumor size (T3), indicating that tumor size is associated with CTC production. Primary tumor size is a credible predictor of breast cancer metastasis (7, 9, 17) , as corroborated by the findings of the present study. Patients with Her2-positive or triple-negative tumors were also revealed to have more CTCs in rate and counts compared with those in luminal A or luminal B patients. Her2-positive or triple-negative breast cancers carry a worse prognosis with an increased risk of metastasis, compared with luminal A or luminal B patients (18) (19) (20) (21) . The results of the present study indicated that patients with highly aggressive disease have increased CTCs.
A large proportion (57.25% of CTCs detected, and 88% of patients involved) of aneuploid CTCs detected were of triploid subtype. In previous studies, triploid CTCs were detected frequently in gastric (61.2% of patients) (15) , lung (41.9% of CTCs) and esophageal cancer (37.6% of CTCs) (17) . It was hypothesized that the ratio of triploid CTCs in patients prior to treatment may reciprocally correlate with the chemotherapeutic efficacy (15) . In the present study, the most significant difference between T3 and T1/T2 patients was the frequency of triploid CTCs, indicating that triploid CTCs may serve a role in tumor progression and treatment.
Among the 167 CTC-positive patients in the present study, CK-positive CTCs were detected in a small cohort of individuals (18/167, 10.78%). CK expression on the cell surface of primary tumors may degrade or become absent in CTCs due to EMT (3, 5, 10) . In the present study, the iFISH system could identify ploidy status in CK-negative aneuploid CTCs in contrast to immunostaining alone. A small rate of patients with CK-positive CTCs were detected in a study evaluating pancreatic (4/22) (16), lung (8/24) and esophageal (4/13) cancer (5). These results suggested that CTC identification by staining of CKs alone may result in a relatively low frequency and CTC counts.
CTCs with CK positivity were mainly detected in patients with luminal A or luminal B tumors, indicating that almost all CTCs with epithelial features were detected in patients with ER/PR-positive tumors. Epithelial features were absent in CTCs detected in Her2-positive patients, presumably due to EMT. These results are in agreement with the conclusion of a prior study showing that CTCs from patients with HER2 + breast cancers were predominantly mesenchymal (22) . CK expression in triple-negative tumor CTCs requires additional study and a larger sample population. Expression of PR indicates a functional ERα (one of the two isoforms of ER) and ERα pathway (23) , which increases E-cadherin expression by downregulating transcriptional repressors (24, 25) . Patients with Her2-positive tumors lack ER and PR expression, which decreases the level of E-cadherin, and enhances the possibility of EMT and tumor cell invasion.
In patients with non-metastatic breast cancer, aneuploid CTCs independent of CK expression status can be detected by the iFISH system. Presence of CTCs and CTC counts was associated with tumor size and hormone receptor status in patients with breast cancer. Triploid CTCs constituted the majority of CTCs detected in all the patients with breast cancer evaluated regardless of hormone receptor status and tumor size. In addition, CK-positive CTCs were identified in a small cohort of patients and were detected at a low rate in CTC counts. Notably, CK expression was rare in CTCs from Her2-positive or triple-negative patients, supporting the hypothesis that lack of ER and PR may promote EMT and enhance tumor aggression. 
